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REFRIGERATING SYSTEM USING NON-AZEOTROPIC REFRIGERANT AND 
NON-AZEOTROPIC REFRIGERANT FOR ULTRA-LOW TEMPERATURE 

REFRIGERATING SYSTEM 



Technical Field 

The present invention relates to single-stage 
refrigerating systems, each having a single compressor and 
condenser, which are operable in room temperature by 
utilizing characteristics of non-azeotropic refrigerants in 
non-azeo tropic refrigerant mixtures. In particular, the 
present invention relates to a refrigerant which cools a 
system to an ultra-low temperature, below -40°C, especially, 
below -60°C, and relates to the refrigerant, such as 
hydrocarbon refrigerant gas or chlorine- free f luorocarbon, 
for achieving such an ultra-low temperature in the system. 



Background Art 

Fluorocarbons , or flon, have been widely used as 
refrigerants for freezers and refrigerators, however, some 
fluorocarbons containing chlorine destroy the ozone layer in 
the upper atmosphere. Therefore, as alternates for them, 
chlorine-free fluorocarbon or hydrocarbon refrigerants are 
required. 

However, most of the chlorine- free fluorocarbons 
significantly absorb long-wavelength infrared rays. This 
causes global warming. Therefore, it is required to use as 
small amount as possible of materials showing minimal 
greenhouse effects. 
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temperature. Consequently, a refrigerating system including 
a compressor, a condenser, a receiver, a decompressor, and 
an evaporator is further provided with a heat exchanger 
exchanging heat between the refrigerant flowing from the 
condenser to the receiver and the refrigerant flowing from 
the evaporator to the compressor. 

The difference in boiling point between these 
refrigerants is small, namely, the above-mentioned problem 
is avoided by using a refrigerant mixture having a small 
difference between a dew point and a boiling point. In the 
condition in which both a gas phase and a liquid phase are 
present in the refrigerating system, only the liquefied non- 
azeotropic refrigerant mixture is separated by the receiver 
and is sent to the evaporator. Furthermore, gas-liquid 
separation is performed in suction piping in order to 
prevent hydraulic compression caused by mixing the liquefied 
refrigerant with a refrigerant gas that enters the 
compressor . 

However, such a system construction is complicated. In 
addition, since the gaseous and liquid non-azeotropic 
refrigerant mixtures have different compositions when both a 
gas phase and a liquid phase are present, the system 
construction such that the gas-liquid separation is 
performed adversely affects a steady state control. 



Disclosure of Invention 

The present invention provides a refrigerating system 
using a non-azeotropic refrigerant mixture. The non- 

:otropic refrigerant mixture includes a refrigerant having 
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a normal boiling point of approximately room temperature and 
a low-boiling point refrigerant having a normal boiling 
point below -60°C. The refrigerating system is a single- 
stage refrigerating system including a compressor, a 
5 condenser, an evaporator, and a heat exchanger for 

exchanging heat between a refrigerant in a path from the 
evaporator to the compressor and a refrigerant in another 
path from the condenser to the evaporator. A dew point of 
the refrigerant mixture at a pressure in the condensing 
10 process after the compression is above room temperature, and 
the refrigerating system is operated in the range in which 
the boiling point is higher than the dew point at a pressure 
in the lower-pressure region in the path from the evaporator 
to the compressor. The present invention further provides a 
15 non-azeotropic refrigerant mixture for ultra-low temperature 
as a suitable refrigerant for this system. The non- 
azeotropic refrigerant mixture includes a refrigerant having 
a normal boiling point at approximately room temperature and 
a low-boiling-point refrigerant having a normal boiling 
20 point below -60°C. A dew point of the refrigerant mixture 
at a pressure in the condensing process after the 
compression is above room temperature, and the boiling point 
is higher than the dew point at a pressure in the lower- 
pressure region in the path from the evaporator to the 

25 compressor. 

Specifically, the high-boiling-point gas having a 
boiling point of approximately room temperature is butane or 
isobutane and the low-boiling-point gas having a boiling 
point below -60°C is ethane or ethylene. The non-azeotropic 
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refrigerant mixture further contains R-14 (per fluorome thane ) 
and thus improved characteristics. 

The non-azeotropic refrigerant mixture for ultra-low 
temperature is improved in the characteristics by the 
5 following ways: 

the high-boiling-point gas is butane and the low- 
boiling-point gas is ethane, the mixing ratio of the butane- 
ethane gas mixture is in the range from 90/10 to 60/40, and 
the content of R-14 (perf luoromethane) in the gas mixture is 
10 between above 0% and of 9%; 

the high-boiling-point gas is butane and the low- 
boiling-point gas is ethylene, the mixing ratio of the 
butane-ethylene gas mixture is in the range from 90/10 to 
70/30, and the content of R-14 (perf luoromethane ) in the gas 
15 mixture is between above 0% and 0.7%; 

the high-boiling-point gas is isobutane and the low- 
boiling-point gas is ethane, the mixing ratio of the 
isobutane-ethane gas mixture is in the range from 90/10 to 
70/30, and the content of R-14 (perf luoromethane ) in the gas 
2 0 mixture is between above 0% and 15%; or 

the high-boiling-point gas is isobutane and the low- 
boiling-point gas is ethylene, the mixing ratio of the 
isobutane-ethylene gas mixture is in the range from 90/10 to 
80/20, and the content of R-14 (perf luoromethane) in the gas 
25 mixture is between above 0% and 10%. 



Best Mode for Carrying Out the Invention 

The inventors discovered a non-azeotropic refrigerant 
mixture which can be used in room temperature during the 
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processes of searching for chlorine-free hydrocarbon 
azeotropic refrigerants for ultra-low temperature. The non- 
azeotropic refrigerant mixture is prepared by mixing a 
hydrocarbon having a high normal boiling point of 
approximately room temperature and a low vapor pressure with 
a hydrocarbon refrigerant gas achieving ultra- low 
temperature below -60°C, i.e. a hydrocarbon having an 
extremely low normal boiling point. 

Namely, if a non-azeotropic refrigerant mixture can be 
condensed in the compressing process at approximately room 
temperature or if a non-azeotropic refrigerant mixture can 
be condensed during cooling by heat exchanging with a 
refrigerant from the evaporator as described above, a 
complicated structure for gas-liquid separation is 
unnecessary even in a non-azeotropic refrigerant mixture. 
Thus, the system can be simplified. Specifically, the 
above-mentioned unstable operation of the refrigerator, 
which is caused by characteristics inherent in a non- 
azeotropic refrigerant mixture having a boiling point and a 
dew point separated from each other, can be resolved. 

Characteristics of the non-azeotropic refrigerant 
mixtures and systems using them will now be described. 

Fig. 2 0 schematically shows a phase diagram of a non- 
azeotropic refrigerant mixture composed of butane and 
ethylene as an example. 

When butane (boiling point: -0.5°C) and ethylene 
(boiling point: -103. 7°C) are used, gas and liquid phase 
lines expressing dew and boiling points are generally 
separate in the vertical direction. 



A phase diagram at a higher pressure in a condensing 
process by a compressor and a phase diagram at a lower 
pressure in the evaporating process are indicated by 
alternate long and short dashed lines and broken lines, 
respectively. The phase diagrams shit from the phase 
diagram at atmospheric pressure substantially in the 

vertical direction . 

In a combination of component gases having remarkably 
different boiling points, such as butane and ethylene, the 
phase diagrams remarkably incline from a high boiling point 
to a low boiling point as shown in the drawing. In such a 
combination, a slight change in the composition 
significantly varies the boiling points and dew points. 

If a refrigerator is driven at a room temperature (R) 
ranging from 2 0°C to 3 5°C as shown by hatching in the 
drawing, the liquid-phase line of the higher-pressure region 
must lie above this temperature range for being operable at 
these temperatures. At the same time, the gas-phase line of 
the lower-pressure region must lie below a refrigerant 
temperature when the suction into a compressor occurs so as 
to avoid the hydraulic compression by the compressor. 

In the drawing, the range for satisfying the former 
conditions is a composition of EO (%) or less. The EO (%) 
is defined by a perpendicular line from point A' at which a 
horizontal line at 35°C intersects the liquid phase line of 
the higher-pressure region. In order to satisfy the latter 
conditions, this system is necessary to be operated in the 
temperature range in the left side of point A' ' and above 
the gas-phase line of the lower-pressure region, the 



perpendicular line intersecting the gas-phase line of the 
lower-pressure region at point A ' ' . 

r 

When a non-azeotropic refrigerant mixture is used in a 
single-stage refrigerating system including a unit of single 
5 compressor, condenser, and evaporator, special controlling 
or a dedicated gas-liquid separator is not necessary if the 
above-mentioned conditions are satisfied. Furthermore, the 
refrigerating system can have a simplified structure. 

However, the area that satisfies the former conditions 
10 is extremely narrow as shown in the drawing, and the latter 
conditions cannot be satisfied at room temperature. 

In order to achieve these conditions, especially the 
latter conditions, the system is required to be operated in 
the temperature range above the gas phase line of the lower- 
15 pressure region. This cannot be readily achieved because 

the refrigerant temperature after the evaporating process is 
low. Therefore, as described above, heat exchange between 
the refrigerants of the lower-pressure region and the 
higher-pressure region is performed and condensation at the 
20 higher-pressure region is also accelerated. 

The inventors have found that the problems inherent in 
the non-azeotropic refrigerant mixture can be resolved by 
utilizing the difference between the dew point and the 
boiling point in the heat exchange conditions. 
2 5 As shown in the drawing, when the refrigerant mixture 

contains a high-boiling-point component, the composition 
range in which the dew point is present above room 
temperature is moderately broad. Therefore, in this range, 
a refrigerating system can dissipate the heat to the outside 
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of the system, i.e. to ambient atmosphere. 

At the interior of the system, it is required that the 
gases at the higher-pressure region are entirely condensed 
and liquefied by heat exchange and that the refrigerant 
mixture at the lower-pressure region is entirely gasified. 

Namely, from a viewpoint of the heat exchange between 
the interior and exterior of the system, the single-stage 
refrigerating system must dissipate heat quantity taken into 
the system by the condenser at the environmental temperature. 
A possible lowest freezing temperature is determined by a 
boiling point of the refrigerant mixture condensable during 
the condensing process. When conditions for the 
condensation/ liquefaction of the refrigerant mixture at the 
higher-pressure region and for the evaporation/gasification 
of the refrigerant mixture at the lower-pressure region are 
satisfied, the above-mentioned single-stage refrigerating 
system can be constructed. 

Therefore, if a refrigerant mixture had dew points 
higher than environmental temperature and the heat exchange 
between the refrigerant in a condensation/ liquefaction 
condition and the refrigerant in an evaporation/gasification 
condition is achieved, the problem can be resolved. 

The above-mentioned phase diagram of the non-azeotropic 
refrigerant mixture indicates that the conditions are 
achieved by the refrigerant mixture having the liquid-phase 
line of the higher-pressure region lying above the gas-phase 
line of the lower-pressure region. 

The relationship between the temperature and a 
refrigerant having a composition containing E (%) ethylene 



of which the gas-phase line of the higher-pressure region 
lies above room temperature is shown in the drawing. The 
intersections of perpendicular line from point E and gas or 
liquid phase line under each pressure are A, B, C, and D, 
from the top. When point A is higher than room temperature 
and when point B is higher than point C, the above-mentioned 
conditions can be satisfied. If heat loss is neglected, 
point D is the lowest temperature to be achieved. 

In order to achieve these systems, loss from 
theoretical conditions must be taken into consideration. 
Regarding the heat balance with the exterior of the system, 
heat dissipation by the latent heat in the condenser must be 
sufficiently great and the interval between points B and C 
must be large so that the heat is suff iciently transferred . 
Since this heat quantity depends on the composition 
containing a large amount of high-boiling-point refrigerant, 
the optimum range, in addition to the above-mentioned 
conditions, must be determined so as to achieve the target 
freezing temperature . 

Since characteristics of these non-azeotropic 
refrigerant mixtures are not sufficiently investigated, the 
quantitative relation is not yet known and usable data for 
determining actual conditions is poor. However, in actual 
use, the conditions may be empirically and experimentally 
determined from the properties of individual refrigerants. 

Examples of a high-boiling-point gas having a normal 
boiling point of approximately room temperature and being 
usable for the above-mentioned systems include butane, 
isobutane, butene (C 4 H 8 ) isomers, ethylacetylene (C 4 H 6 ) , and 
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R-134a (CH 2 FCF 3 ) . Examples of a low-boiling-point gas used 
for achieving ultra- low temperature according to the present 
invention include ethane, ethylene, and chlorine- free 
fluorocarbon such as R-14 (per fluorome thane) . 

In order to achieve ultra-low temperature by a mixture 
of these gases, the mixture is required to contain a large 
amount of the low-boiling-point gas. As a result, the 
pressure during the condensation becomes significantly high. 
However, as described above, since both the gas and liquid 
phases of the non-azeotropic refrigerant mixture can be 
present over wide ranges of temperature and pressure, a 
liquid phase containing a large amount of the high-boiling- 
point component after the evaporation process certainly 
remains. By the utilization of latent heat of this 
remaining liquid phase for cooling the high-pressure 
refrigerant from the compressor, the condensing process is 
accelerated below 15 atmospheres, which is an actually 
applicable range to the compressor (maximum: 20 atmospheres) 
Thus, the ultra-low temperature by operating a single-stage 
refrigerating system can be achieved. 

Examples of refrigerant gases suitable for the present 
invention and characteristics of these refrigerants are 
cited below. 

Table 1: Physical characteristics of high-boiling-point and 
low-boiling-point gases 



Chemical 
Formula 



Butane 



C 4 H 10 



Boiling 

Point 

(°C ,1 atm) 
-0.5 



Critical 
Temperatur 

e (°C) 
153 .2 



Vapor 
Pressure 

(MPa) 
0.11 (21°C) 
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CaHi n 

v 4 1U 


-11.7 


135.0 


0.22 


(21°C) 


1 JJUL til lc 


1-CaHq 


-6.26 


146 


0.17 


(21°C) 


p-i c-9-hutene 


Cis-2-C 4 Ho 


3 .72 


155 


0.1 


(21°C) 


T'r*^ n q — 9 -butene 


Trans-2-CAHo 


0.89 


155 


0.1 


(21°C) 


Tqobutene 


i-C 4 H 8 


-6.9 


145 


0 . 17 


(21°C) 




ft D 


8.1 


191 


0.05 


(21°C) 


t» 1 I/I a 

R-i J4a 


CHoFCFi 


-26.1 


101.2 


0.58 


(21°C) 


Ethylene 


C 2 H 4 


-103 .7 


9.2 


5.2 


(9.9°C) 


Ethane 


C 2 H 6 


-88.65 


32.2 


3.8 


(21°C) 


R-14 


CF 4 


-128 


-46 


3.69 


(21°C) 



Butane and isobutane cited above, which are 
hydrocarbons widely used as fuel, are used as high-boiling- 
point gas components of non-azeotropic refrigerant mixtures 
i according to the present invention. Butane and isobutane 
have boiling points approximately room temperature, i.e. at 
-0.5°C and -11.7°C, respectively, as shown above, and have 
very low vapor pressures. Therefore, they can be liquefied 
at comparatively low pressure. Butenes, ethylacetylene, and 
0 R-134a also have similar characteristics. 

Ethane, ethylene, and R-14 which is a component added 
to a refrigerant mixture thereof, shown in the above table, 
are low-boiling-point components for achieving ultra-low 
temperature. All of these components have normal boiling 
5 points of lower than -60°C, which is effective for achieving 
ultra-low temperature. However, their critical temperatures 
are low and their vapor pressures are high. Hence, these 
gases cannot be readily condensed at an ambient temperature 
environment. Especially, R-14 cannot be alone used for a 
0 single-stage refrigerating system. R-14, however, can be 
used in a combination with a high-boiling-point component 
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having a low vapor pressure for raising the 

liquefaction/condensation temperature and reducing the vapor 
pressure. This refrigerant is cooled by heat exchanging. 
Namely, the refrigerant at high temperature and high 
pressure flowing from a compressor to an evaporator is 
cooled by the refrigerant at low temperature flowing from 
the evaporator to the compressor. The condensation and 
liquefaction of this refrigerant can be performed at a 
pressure in the range of 15 to 20 atmospheres (1.5 MPa to 
2.0 MPa), which is applicable to general compressors. Thus, 
this single-stage refrigerating system can be operated. 

Since such heat exchange is limited to the exchange of 
internal heat of the refrigerating system, it is required to 
effectively dissipate the internal heat of the system to the 
external environment at room temperature in order to operate 
the entire refrigerating system. In the present invention, 
the freezing ability of the system is maintained by 
dissipating the latent heat of the refrigerant mixture 
containing a large amount of high-boiling-point component 
and having a low-vapor pressure through the condenser. 

Therefore, in order to maintain the refrigerating 
system, it is required that the high-boiling-point component 
is liquefied at an ambient-temperature environment and that 
the refrigerant system has a large volume of charged 
refrigerant and a high-capacity condenser for dissipating a 
sufficient amount of latent heat. 

Fig. 1 schematically shows a refrigerating system used 
in examples according to the present invention. 

in the drawing, reference numeral 1 represents a 
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compressor. A refrigerant gas dissipated from the 
compressor flows in a forward piping 10 to a condenser 2, a 
heat exchanger 50, and then a throttle valve (capillary 
tube) 6 where the gas is decompressed. The refrigerant gas 
is then gasified at an evaporator 7 in a refrigerator 8 to 
cool the interior of the refrigerator. The backward gas 
generated in the evaporator returns via a backward piping 12 
to the compressor after cooling the forward refrigerant at 

the heat exchanger 50 . 

In a refrigerating system using a non-azeotropic 
refrigerant mixture, the composition of the refrigerant 
mixture which is decompressed at the evaporator is composed 
of a gas phase containing a large amount of low-boiling- 
point component and a condensed liquid phase containing a 
large amount of high-boiling-point component, as the 
pressure decreases. Such refrigerant is sent to the suction 
side of the compressor as a wet gas, but the suction of this 
condensed liquid is undesirable for the compressor. 
Therefore, in the above-mentioned known technique, the 
backward refrigerant is operated under a condition in which 
the condensed phase is not generated or the backward 
refrigerant is separated into gas and liquid phases by an 
accumulator . 

The present invention takes advantages of such 
characteristics of the non-azeotropic refrigerant mixture, 
which cause troubles during the operation of conventional 
refrigerators. Namely, in the heat exchanging between the 
backward refrigerant and the refrigerant at the higher- 
pressure region (forward refrigerant), the gas at the 



higher-pressure region is thoroughly condensed by the latent 
heat from the condensed liquid phase of the backward 
refrigerant and the liquid phase of the backward refrigerant 
is thoroughly gasified. Thus, the initial composition of 
the refrigerant gas mixture can be maintained through 
circulation in the system to achieve stably operating 
conditions . 

As described above, the function of the heat exchanger 
is important. However, any type of heat exchanger having 
high heat-exchange ability can be used. 

The structure of the heat exchanger according to the 
present invention is shown in Fig. 2. The forward piping 10 
from the compressor and the backward piping 12 from the 
evaporator are soldered (shown as 15) and the length L of 
the heat exchanger is 3 m in order to provide the heat 
exchange condition according to the present invention as 

described above. 

The conditions for operating the heat exchanger and the 

results are shown below. 

A refrigerating system used in experiments is as 

follows : 

Refrigerator: model SC-15CNX (Danforth Corp.), 

Capacity: 213 liters, 

Throttle valve: capillary tube, 

in Experiment 1, 250 g of a butane-ethylene non- 
azeotropic refrigerant mixture containing 15% ethylene was 
used. in Experiment 2, 10 g (4%) of R-14 ( fluorome thane) 
was further added to the mixture in Experiment 1. 

Measured portions shown in Fig. 2 are as follows: 
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A for inlet of lower-pressure region, B for outlet of 
higher-pressure region, E for outlet of lower-pressure 
region, and F for inlet of higher-pressure region. 

Piping temperatures and gauge pressures were measured 

Table 2: Temperature distribution in heat exchanger (room 
temperature: 30°C) 



Experiment No. 


1 


2 


interior Temperature of Refrigerator (°C) 


-74.6 


-81 . 8 


Pressure in Higher-Pressure Region (MPa) 


0.9 


1.5 


Pressure in Lower-Pressure Region (MPa) 


0 .02 


0 .02 


Inlet of Lower-Pressure Region (°C) 


-49 . 5 


-38.0 


Outlet of Lower-Pressure Region (°C) 


9.2 


12 .2 


Inlet of Higher-Pressure Region (°C) 


29.4 


27 .8 


Outlet of Higher-Pressure Region (°C) 


-38 . 8 


-31 . 6 



As shown in Table 2, the inlet temperatures of the 
higher-pressure region were lower than room temperature. 
This is because the wall temperatures of the heat exchanger 
were measured. The wall temperatures were influenced by the 
heat-exchanging opponents. Therefore, the actual 
temperatures were slightly higher than the observed data, 
i.e. all of them were higher than room temperature. 
Similarly, the actual temperatures at the outlet in the 
higher-pressure region were lower than the observed 
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temperatures. The temperatures at the lower-pressure 
regions showed similar differences between the actual and 
observed temperatures . 

Thus, the backward gas at the suction side of the 
compressor was almost the same temperature as room 
temperature, and the temperature of the refrigerant toward 
the evaporator was lower than the boiling point on such a 
high-pressure occasion. Therefore, the above-mentioned 

conditions are achieved. 

Tables 3 and 4 show the relation between the pressure 
and temperature of refrigerants at the high- and lower- 
pressure regions which were achieved in the heat exchanger 
when R-14 of 0 to 3.85% were added to butane -ethylene 
refrigerant mixtures (mixing ratio: 90/10 or 85/15). 

The refrigerating system was used at the same 
conditions as the above-mentioned (1) . 

Table 3: Heat exchange condition at butane-ethylene mixing 
ratio 90/10 (room temperature: 30°C) 




Pressure in Higher-Pressure Region (MPa) 
Pressure in Lower-Pressure Region (MPa) 
inlet of Lower-Pressure Region (°C) 
Outlet of Lower-Pressure Region (°C) 
Inlet of Higher-Pressure Region (°C) 
Outlet of Higher-Pressure Region (°C) 



0.8 



15.0 



28.0 



-36.0 



1.96 



-66.7 -70.2 



1.45 



0.010 0.010 
-41.0 -42.0 



10.0 



26 .0 



-37 .4 



3.8 



-71.6 
1.75 
0 . 025 
-37 . 0 
9.0 
26.0 
-31.9 
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Table 4: Heat exchange condition at butane-ethylene mixing 
ratio. 85/15 ( room temperature : 30°C) 




R-14 (%) r^-T 

"interior Temperature ot Refrigerator ( C) 

Pressure in Higher-Pressure Region (MPa) 

Pressure in Lower- Pressure Region (MPa) 

Inlet of Lower-Pressure Region (°C) 

Outlet of Lower- Pressure Region (°C) 

Inlet of Higher-Pressure Region (°C) 

Outlet of Higher-Pressure Region (°C) 



-74.5 


-80.6 


-83 .9 


0.8 


1.20 


1.70 


0 . 025 


0 . 010 


0 . 020 


-51.6 


-44. 5 


-44.1 


8.3 


15.0 


12 .0 


31.0 


27 .0 


26.3 


-45 .2 


-39.4 


-38.4 



5 (1) Confirmation of characteristics of butane-ethane mixture 
and non-azeotropic refrigerant mixture of R-14-containing 
butane-ethane gas mixture 
Experiment 1 

The characteristics of butane-ethane gas mixture as a 
10 refrigerant were confirmed by actually operating the 

refrigerating system shown in Fig. 1 and the results were 
used as basic data. The results are shown in Table 5 and 
Fig . 3 . 



15 



Table 5: Characteristics of butane-ethane mixture gas 
(loading weight: 2 50 g) 



Ethane 
(%) 



Pressure in 
Higher-Pressure 

-1 



Pressure in Lower 
Pressure Region 

(MPa x 10~1) 




Interior 
Temperature of 
Refrigerator (°C) 



-54.0 
-58.5 
-61.5 
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1 1 -52.5 
40 17.5 i- 1 

5 -69.0 

Notes: the pressures are gauge pressures, i.e. pressure 
differences from atmosphere. The following data obtained by 
practical operation are the same. 

5 as shown in Fig. 3, there was a gentle peak achieving 

an interior temperature of the refrigerator of about -60°C 
at an ethane content of about 20% to about 30%. The 
pressure in the higher-pressure region, i.e. at the 
compressor side, increased with the ethane content and then 
10 steeply increased at an ethane content above 30%. 

A desired refrigerator for ultra-low temperature must 
be operated at an interior temperature of -60°C or less and 
more preferably -80°C or less. The interior temperature of 
the refrigerator decreased to about -60°C at an ethane 
15 content between about 20% and about 30%, but the temperature 
was almost constant in such an ethane content and its 
vicinities. Although the effect of the refrigerant mixture 
gently decreased as the ethane content changed towards 10% 
or 30%, the temperatures were still maintained about -55°C. 
20 The interior temperature of the refrigerator decreased again 
at ethane content above 40%. However, the pressure in the 
higher-pressure region steeply increased. Therefore, such 
ethane contents were not applicable. 

in order to improve the refrigerant characteristics in 
25 the range of the ethane content in which the interior 

s temperatures of the refrigerator were almost constant and 
were maintained about -60°C, R-14 gas was added to the 
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butane-ethane refrigerant gas mixture of which the mixing 
ratio were 90/10, 80/20, 70/30, or 60/40, i.e. ethane 
contents of 10%, 20%, 30%, and 40%, respectively. The 
changes in characteristics depending on the amount of R-14 
were observed. The results are shown below. 

The experimental conditions were the same as above. 
The results are shown in Tables 6, 7, 8, and 9 and in Figs. 
4, 5, 6, and 7, respectively. 

Experiment 2 

The effects of R-14 were observed by adding a 
predetermined amount of R-14 at an increment of 5 g to 250 g 
of a butane-ethane mixture having a mixing ratio of 90/10. 



Table 6: Effects of addition of R-14 to butane-ethane 
mixture having a mixing ratio of 90/10 



R-14 
(%) 



0 

1.96 
3.85 
5.66 
7 .41 
9.1 



Pressure m 
Higher- 
Pressure 
Region 

L0- 1 

5.0 
10.0 
12 . 5 
15 . 0 
18 . 0 
23 .0 



Pressure in 
Lower- Pressure 
Region 

(MPa x 10" 1 ) 

0 . 13 
0 . 007 
0 
0.1 
0 . 2 
0.4 



Interior 
Temperature of 
Refrigerator 

(°C) 



-54 . 0 
-55.0 
-55.0 
-55 . 0 
-55.0 
-53 . 0 



0 



The data shown in Table 6 was plotted and represented 
graphically in Fig. 4. When R-14 was not added (0%), the 
interior temperature of the refrigerator was the level of 

-50°C. Then, even if R-14 was added, the temperature barely 
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changed. The interior temperature of the refrigerator 
rather increased when the content was above about 7%. On 
the contrary, the pressure in the higher-pressure region 
steeply increased to reach the upper limit of actual use at 
R-14 content of about 9%. 
Experiment 3 

The effects of R-14 were observed by adding a 
predetermined amount of R-14 at an increment of 5 g to 2 50 g 
of a butane-ethane mixture having a mixing ratio of 80/20. 



Table 7: Effects of addition of R-14 to butane-ethane 
mixture having a mixing ratio of 80/20 



R-14 
(%) 



0 

1.96 
3.85 
5.66 
7 . 41 
9.1 
10 .7 



Pressure m 
Higher- 
Pressure 
Region 

(MPa x 1Q' 1 ) 
8 . 0 
11.0 
16 .0 
18 .0 
22 .0 
22 .2 



Pressure m 
Lower-Pressure 

Region 
(MPa x 10" 1 ) 



0.2 
0 .25 

0.3 
0.35 
0 . 55 

1.1 



Interior 
Temperature of 
Refrigerator 

(°C) 



-58.5 
-64.2 
-71.2 
-73.2 
-73.4 
-86 . 9 



The data shown in Table 7 was plotted and represented 

graphically in Fig. 5. When an R-14 content was slightly 

lower than 1%, an interior temperature of the refrigerator 

of -60°C or less was achieved. The interior temperature of 

the refrigerator was effectively reduced, as the amount of 

R-14 increased. Specially, when an R-14 content was about 
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8% or more, the interior temperature of the refrigerator 
significantly decreased to -80°C or below. However, both 
the pressures in the higher-pressure region and the lower- 
pressure region increased and reached the upper limit of 
actual use at an R-14 content of about 9%. 
Experiment 4 

The effects of R-14 were observed by adding a 
predetermined amount of R-14 at an increment of 5 g to 250 g 
of a butane-ethane mixture having a mixing ratio of 70/30. 



Table 8: Effects of addition of R-14 to butane-ethane 
mixture having a mixing ratio of 70/30 



R-14 
(%) 



0 

1.96 
3.85 
5.66 
7 .41 
9.1 
10 .7 



Pressure xn 
Higher- 
Pressure 
Region 

(MP a x IP" 1 ] 
10 .0 
13 .0 
14.0 
15.5 
17 . 0 
20 . 0 
20 . 0 



Pressure m 
Lower- Pressure 

Region 
(MPa x 10" 1 ) 

0 .55 
0.7 
0.7 
0.7 
0 . 8 
1.0 
1.0 



Interior 
Temperature of 
Refrigerator 

(°C) 



-61.5 

-65.1 

-70.0 

-77 .2 

-82 .3 

-85.0 

-85.0 



>0 



The data shown in Table 8 was plotted and represented 
graphically in Fig. 6. When R-14 was not added (0%), the 
interior temperature of the refrigerator was below -60°C. 
The interior temperature of the refrigerator was effectively 
reduced, as the amount of R-14 increased. Both the 

pressures in the higher-pressure region and the lower- 
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pressure region increased with the increase of R-14 . When 
9% to 10% R-14 was added, the interior temperature of the 
refrigerator reached -85o C or below. However, the pressure 
in the lower-pressure region increased to 1 . 0 MPa x 10-1, i.e. 
reached the upper limit of actual use. 
Experiment 5 

The effects of R-4 were observed by adding a 
predetermined amount of R-14 at an increment of 5 g to 250 g 
of a butane-ethane mixture having a mixing ratio of 60/40. 

Table 9: Effects of addition of R-14 to butane-ethane 
mixture having a mixing ratio of 60/40 



R-14 
(%) 



0 

1.96 
3 .85 
5.66 
7 .41 
9.1 
10 .7 



Pressure xn 
Higher- 
Pressure 
Region 

(MP a x 10" 1 ) 
17 . 5 
19.0 
21.0 
21. 5 
24 . 0 



Pressure xn 
Lower-Pressure 

Region 
(MPa x 10" 1 ) 



1.1 
1.2 
1.4 
1.5 
1.5 



Interxor 
Temperature of 
Refrigerator 

(°C) 



-52 . 5 
-56.4 
-59 .8 
-62 .3 
-67 .2 



10 



The data shown in Table 9 was plotted and represented 

graphically in Fig. 7. When 4% or more R-14 was added, the 

interior temperature of the refrigerator reached -6Qo C or 

below. Then, the decrease in the interior temperature of 

the refrigerator was gentle even if the amount of R-14 

increased. Thus, the addition of R-14 was ineffective. 
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On the contrast, both the pressures in the higher- 
pressure and lower-pressure regions increased, especially, 
the pressure in the lower-pressure region showed near the 
upper limit of actual use even if R-14 was not added. 

As observed above, the target characteristics of a 
refrigerant mixture according to the present invention are 
achieved by a butane-ethane refrigerant mixture containing 
ethane of between above 10% and below .40%, i.e. the butane- 
ethane mixing ratio from 90/10 to 60/40, and containing R-14 

of between above 0% and 9%. 

in such a range, the ternary non-azeotropic refrigerant 
mixture can maintain stable conditions over broad ranges of 
the pressures in the higher- and lower-pressure regions and 
the interior temperature of the refrigerator. 

(2) Confirmation of characteristics of butane-ethylene 
mixture and non-azeotropic refrigerant mixture of R-14- 
containing butane-ethylene gas mixture 

Though ethylene has an extremely low boiling point and 
characteristics suitable as a refrigerant for ultra-low 
temperature, it has an extremely high evaporating pressure 
and cannot be applied to a refrigerating system which is 
operated at room temperature (see Table 1) . 

Then, the above-mentioned butane was mixed with 
ethylene to prepare a refrigerant gas mixture. The 
characteristics of the gas mixture were identified and 
searched for a mixing ratio usable as a refrigerant mixture 
for a refrigerating system which is operated at room 
temperature. Furthermore, R-14 (perf luoromethane) was added 
to the refrigerant mixture in order to improve the 



characteristics as a refrigerant for ultra-low temperature. 
The characteristics and composition ratio of this 
refrigerant mixture were identified for achieving a target 
interior temperature of the refrigerator below -60°C further 
an ultra-low temperature of -80°C or less by a refrigerating 
system operated at room temperature without using a 
complicated double-stage refrigerating system. 

The operating conditions such as the refrigerating 

system are the same as above. 

Experiment Is Confirmation of properties of butane- 
ethylene gas mixture as a refrigerant 

The characteristics of a butane-ethylene gas mixture as 
a refrigerant were confirmed by actually operating the 
refrigerating system shown in Fig. 1 and the results were 
used as basic data. The results are shown in Table 10 and 

Fig. 8. 

Table 10: Characteristics of butane-ethylene gas mixture 
(loading weight: 2 50 g) 



Ethyle 
ne (%) 



5 

10 
15 
20 
30 
35 



Pressure in 
Higher-Pressure 

Region (MPa x 

10" 1 ) 

5.0 
8.2 
7.5 
10 .0 



Pressure in 
Lower-Pressure 

Region (MPa x 

I P" 1 ) 

0.2 
0.3 
0.2 
0 . 6 



Interior 
Temperature of 
Refrigerator 
(°C) 

-53 .0 
-70.6 
-77 . 5 
-71. 5 



12 . 0 



0.4 " 81 - 2 
The experiment was discontinued because the pressure 
in the higher-pressure region was above 25 MPa x 10 

1 at below 3 5% ethylene 



As shown in Fig. 8 on which the results of Table 10 
were plotted, the interior temperature of the refrigerator 
extremely decreased but the pressure in the compressor side 
5 increased as the ethylene content increased. 

It is desired in a ultra-low temperature refrigerator 
that an interior temperature of the refrigerator be below 
-60°C and more preferably below -80°C. The interior 
temperature of the refrigerator decreased to below -6 0 o C at 
10 an ethylene content of 6% or more, and further decreased to 
-70°C, but then showed a plateau at a higher ethylene 
content. The interior temperature of the refrigerator 
decreased to below -7 0 o C at about 30% ethylene. However, 
when the ethylene content was 3 0% or more, the experimental 
15 operation of the system was unstable and the experiment 

cannot be conducted at a higher ethylene content exceeding 

35%. 

in order to improve the refrigerant characteristics in 
the range of ethylene contents in which the interior 
20 temperatures of the refrigerator were almost constant and 

, „ v, i™, fiO°c 5 a to 20 g of R-14 gas were added to 
were kept below -60 c, d g ^.u y 

2 50g of the butane-ethylene refrigerant gas mixtures of 
which mixing ratio were 90/10, 85/15, 80/20, or 70/30, i.e. 
ethylene contents of 10%, 15%, 20%, and 30%, respectively. 
25 The changes in characteristics depending on the amount of R- 
14 were observed. The experiment where R-14 gas was added 
to the gas mixture of butane-ethylene mixing ratio of 95/5 
was discontinued because the interior temperature of the 
refrigerator at 1.96% R-14 did not decrease to -60°C and 
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desired effects were not expected. 

The experimental conditions were the same as above. 
The results are shown in Tables 11, 12, 13, and 14 and in 
Figs. 9, 10, 11, and 12, respectively. 
5 Experiment 2 

The effects of R-14 were observed by adding a 
predetermined amount of R-14 at an increment of 5 g to 250 g 
of a butane-ethylene mixture having a mixing ratio of 90/10. 

10 Table 11: Effects of addition of R-14 to butane-ethylene 
mixture having a mixing ratio of 90/10 




R-14 
(%) 



0 

1.96 
3 .85 
5.66 
7 .41 



Pressure in 
Higher- 
Pressure 
Region 

(MPa x 10" 1 ) 
8.2 
13 .0 
18 .0 
21 .5 
24.2 



Pressure xn 
Lower-Pressure 
Region 

(MPa x 10" 1 ) 

0 . 3 
0.1 
0.3 
0 . 5 
0.7 



Interior 
Temperature of 
Refrigerator 

(°C) 



-70.6 
-80.5 
-80 .9 
-81 .3 
-82 .1 



15 



20 



The data shown Table 11 was plotted and represented 
graphically in Fig. 9. The interior temperature of the 
refrigerator of -60°C was already achieved when R-14 was not 
added (0%), and the temperature decreased below -8 0 o C when 
r-14 content was about 2%. The notable effects of R-14 were 
confirmed . 

However, the effect was saturated at R-14 content of 

about 5%. The pressure in the higher-pressure region 

extremely increased to the upper limit in actual use at an 

- 28 - 



10 



- f .hout 7 4% and a stable practical operation 
R-14 content of about an<a 

was inhibited. 

Experiment 3 

The effects of R-14 were observed by adding a 
predetermined amount of R-14 at an increment of 5 g to 250 g 
of a butane-ethylene mixture having a mixing ratio of 85/15. 

Table 12: Effects of addition of R-14 to butane-ethylene 
mixture having a mixing ratio of 85/15 



R-14 
(%) 



0 

1.96 
3 .85 
5.66 
7 .41 



Pressure m 
Higher - 
Pressure 
Region 

(MPa x 10" 1 ) 
7.5 
13 .0 
16.0 
18.0 
23 .5 



Pressure m 
Lower-Pressure 

Region 
(MPa x 10" 1 ) 



0.2 
0 . 2 
0 . 2 
0.3 
0 . 5 



Interior 
Temperature of 
Refrigerator 

(°C) 



-77 .5 
-81.6 
-84 . 0 
-85.2 
-86 .2 



15 



20 



The data in Table 12 was plotted and represented 
graphically in Fig- 10. The interior temperature of the 
refrigerator decreased with the amount of R-14, and the 
decrease in the temperature became gentle at about 4% or 
m ore. Like the above, the pressure in the higher-pressure 
re gion extremely increased at about 7.4% R-14 and the 
practical operation cannot be readily achieved. 
Experiment 4 

The effects of R-14 were observed by adding a 
predetermined amount of R-14 at an increment of 5 g to 250 g 
of a butane-ethylene mixture having a mixing ratio of 80/20. 



, _ * a ,^ h ^ nn of R-14 to butane-ethylene 
Table 13: Effects of addition or k 

mixture having a mixing ratio of 80/20 



10 



15 



R-14 
(%) 



0 

1.96 
3 . 85 
5.66 
7.41 



Pressure in 
Higher- 
Pressure 
Region 

(MP a x 10" 1 ) 
10 .0 
11.5 
15 .0 
16.5 
19 .8 



Pressure m 
Lower-Pressure 
Region 

(MPa x 10" 1 ) 



0 . 6 
0 . 5 
0.3 
0.4 
0 . 5 



Interior 
Temperature of 
Refrigerator 

(°C) 



-71.5 
-78.0 
-86.0 
-86 . 8 
-86.0 




The data of Table 13 was plotted and represented 
graphically in Fig. 11. The interior temperature of the 
re frigerator decreased as the amount of R-14 increased. But 
the effect of the R-14 was the highest at about 6.0%, and^ 
then the effect gently decreased. 

At the same time, the pressure in the higher-pressure 

- „ ff „ hc , 0 f r-14 were not achieved 

region increased, and the effects ot R ^ 

at a content of 7.4% or more in practical operation. 
Experiment 5 

The effects of R-14 were observed by adding a 
predetermined amount of R-14 at an increment of 5 g to 250 g 
of a butane-ethylene mixture having a mixing ratio of 70/30. 



Table 14: Effects of addition of R-14 to butane-ethylene 
20 mixture having a mixing ratio of 70/30 



R-14 



Pressure in 



Pressure m 



Interior 



- 30 - 



(%) 



0 

1.96 
3.85 
5.66 
7.41 



Higher- 
Pressure 
Region 

(MP a x 10" 1 ) 
12 .0 
18.0 
21 . 0 
25 .0 
27 .5 



Lower-Pressure 
Region 
(MPa x 1CT 1 ) 



0.4 
1.50 
1.6 
2.0 
4 . 0 



Temperature or 
Refrigerator 

(°C) 



-81.2 

-76.0 

-76.3 

-76.0 

-74.0 



10 



15 



20 



The data of Table 14 was plotted and represented 
g raphically in Fig. 12. The interior temperature o£ the 
refrigerator adverse!, increased by tne addition of K-14 and 
th e target effects were not achieved. The pressure in the 
higher-pressure region steeply increased with the content of 
R .l* and reached the upper limit of practical operation at 

^ t. - ia fift The gauge pressure in the 
an R-14 content of about 14.6%. Tne g 

actual use at an R-14 content that was slightly higher than 
1% Effects as a refrigerant were not achieved. 

A s observed above, the target characteristics of a 
refrigerant mixture according to the present invention are 

i-wiMie refrigerant mixture containing 
achieved by a butane-ethylene retng 

10% to 30% butane and 7 . 5% or less of R-14. 

« t-h e ternary non-azeotropic refrigerant 
In such a range, the ternary 

maintain stable conditions over broad ranges of 
mixture can maintain sw^^ 

• ^ higher- and lower-pressure regions and 
the pressures m the higner 

the interior temperature of the refrigerator. 

(3 , Confirmation of characteristics of isobutane- ethane 

a nnn azeotropic refrigerant mixture of R-14- 
mixture and non-azeowupj. 

containing isobutane-ethane gas mixture 
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^ , fa in Table 1, since isobutane, the 
As shown by the data in Table i, 

«f butane has almost the same physical 
isomer of butane, *ia=> 

e Kin t-ane isobutane can provide a 
characteristics as those of butane, 

non-azeotropic refrigerant mixture having similar 
5 characteristics in the case of using butane. 

The structure of the refrigerating system was the same 
as above (1) and (2), but a refrigerator NLE6F (Danforth 
Corp , brand-name: FB-7 5) was used. The loading weight of 
refrigerant gases was decreased to about a half, i.e. 100 g 
10 to 125 g. Since the capacity was small, the. freezing 

ability such as the interior temperature of the refrigerator 
was slightly decreased. 
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- sties of isobutane-ethane gas mixture 
Table 15: Characteristics or 



(loading weight: 100 g) 



Ethane 
(%) 



Pressure m 
Higher-Pressure 

Region (MPa x 

10- 1 ) 



pressure m 
Lower-Pressure 

Region (MPa x 

10" 1 ) 



Interior 
Temperature of 
Refrigerator 

(°C) 




10 
30 
40 



6 . 5 
13 . 5 
23 .0 



1.0 
0.3 



-47 . 0 
-54 . 0 
-68 . 0 



*-14 to isobutane-ethane 
Table 16: Effects of addition of R 14 to 

■ ratio of 90/10 (loading weight. 100 

mixture having a mixing ratio or 



g to 130 g) 



R-14 

(%) 



Pressure in 
Higher-Pressure 

Region (MPa x 

10" 1 ) 



Pressure m 
Lower-Pressure 

Region (MPa x 



Interior 
Temperature of 
Refrigerator 

(°C) 




0 
4 

13 
23 



6 . 5 
11.0 
18.0 
25.0 



0.3 



0.0 
0.2 
0.7 



-47 
-62 . 5 
-65.4 
-70 . 5 



10 



r-14 to isobutane-ethane 
Table 17: Effects of addition of R 14 



mixture 



• in« ratio of 70/30 (loading weight: 100 
having a mixing ratio 



to 130 g) 



R-14 
(%) 



pressure m 
Higher-Pressure 

Region (MPa x 

10- 1 ) 



Pressure m 
Lower-Pressure 

Region (MPa x 

10- 1 ) 



Interior 
Temperature of 
Refrigerator 

(°C) 




19 .0 
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) 



13 
23 



-t n —75.2 

24.0 



_, Mao i c t-o 17 was plotted on Figs. 
The data shown in Tables lb to J. / wa* v 

13 to 15, respectively. Since the capacity was small, the 
interior temperatures of the refrigerator were slightly 
higher and the pressures in the higher- and lower-pressure 
regions were slightly higher than those of the butane-ethane 
refrigerant mixture. However, the characteristics as a 
refrigerant mixture were almost the same as those of the 
butane-ethane refrigerant mixture. 

As shown these data, like the butane-ethane gas mixture, 
the effect of the isobutane- ethane mixture gradually appears 
from a mixing ratio of 90/10 and the pressure in the higher- 
pressure region reaches almost the upper limit in actual use 

at 40% ethane. 

The addition of R-14 to the isobutane-ethane gas 

fixture was effective in the range of a mixing ratio of 

90/10 to 70/30 even if the amount of R-14 was small. 

However, the pressure in the higher-pressure region steeply 
increased, especially as the ethane content increased. As a 
result, the isobutane-ethane mixing ratio of 70/30 was 
almost the limitation. The addition of about 15% R-14 was 
the upper limit in actual use. 

(4) Confirmation of characteristics of isobutane -ethylene 
mixture and non-azeotropic refrigerant mixture of R-14- 
i containing isobutane -ethylene gas mixture 

The structure of the refrigerating system was the same 
as above (1) to (3), but a refrigerator GL-99EJ (Unidat 



Corp., brand-name: F-14L) was used for confirmation of the 
characteristics of isobutane-ethylene gas mixtures (loading 
weight: 120 g to 160 g) . Other experiments were conducted 
by using NLE6F (Danforth Corp., b rand- name : FB-75). The 
loading weight of the refrigerant mixture was decreased to 
about a half, i.e. 100 g to 125 g. Since the capacity was 
small, the freezing ability such as the interior temperature 
of the refrigerator was slightly decreased. 



10 Table 18: Characteristics of isobutane-ethylene gas mixture 
(loading weight: 120 g to 140 g) 



Ethyle 
ne (%) 



0 

14.3 
17 .2 
20.0 
22.6 
25.0 
Notes : 



Pressure in 
Higher-Pressure 

Region (MPa x 

io-M 

3 .75 
12 .3 
12.0 
11.0 
10.5 
12 to 10.8 



Pressure m 
Lower- Pressure 

Region (MPa x 
1Q- 1 ) 

0.07 

0 
0 . 1 
0.2 
0.4 
0.4 to 0.6 



Interior 
Temperature of 
Refrigerator 

(°C) 

-28 . 8 
-68.3 
-72.0 
-73.2 
-73 . 8 
-73 . 9 



the gauge pressures at 25% ethylene were unstable. 
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jz a^a^a™ of R-14 to isobutane-ethylene 
Table 19: Effects of addition of R 14 to 

• a„„ r^io of 90/10 (loading weight: 100 
mixture having a mixing ratio or yu/iu v 



to 130 g) 



R-14 
(%) 



0 
5 
9 

13 



Pressure m 
Higher-Pressure 

Region (MPa x 

IP" 1 ) 

10.5 
12 .5 
16 . 5 
18 . 5 



Pressure m 
Lower- Pressure 

Region (MPa x 
10-1) 

0.3 
0.1 
0.2 
0.1 



Interior 
Temperature of 
Refrigerator 

(°C) 

-62 . 8 
-70 . 5 
-66.3 
-66.0 



Table 20: Effects of addition of R-14 to isobutane-ethylene 
mi xture having a mixing ratio of 80/20 (loading weight: 100 
g to 130 g) 



R-14 
(%) 



Pressure in 
Higher-Pressure 

Region (MPa x 



Pressure m 
Lower-Pressure 

Region (MPa x 



Interior 
Temperature of 
Refrigerator 

(°C) 



0 


1Q--M 

9.5 


0.1 


-68 . 8 


5 


14 . 0 


0.1 


-79.9 


9 


17 .0 


0.1 


-86 .4 


13 


25.0 


0 .05 


-78 . 0 



10 
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„ ^ f R_iA to isobutane-ethylene 

Table 21: Effects of addition of R 14 to 

•^-i™ rstio of 70/30 (loading weight: 100 
mixture having a mixing ratio ox 



g to 130 g) 



R-14 
(%) 


Pressure in 
Higher-Pressure 

Region (MPa x 

1Q- 1 ) 


Pressure in 
Lower-Pressure 

Region (MPa x 
IP" 1 ) 


Interior 
Temperature of 
Refrigerator 

(°C) 


0 


10.0 


0 .12 


-68 .3 


5 


14 . 5 


0 .14 


-77 .1 


9 


18. 5 


0.15 


-85.6 


13 


27 . 0 


0 . 06 


-78.2 



10 



15 



20 



■ m^ Mes is to 21 was plotted on Figs. 
The data shown m Tables ±o uu 

16 to 19, respectively. 

As shown in Fig. 16, since the capacity was small due 
to a reduction in the loading weight of the refrigerant 
mixture to a half, there were some differences compared with 
the characteristics of the butane -ethylene gas mixture. 
Namely, the interior temperatures of the refrigerator were 
slightly higher than those in the butane-ethylene gas 
mixture. The evaporating pressure increased with the ratio 
of ethylene. This steeply increases the pressure in the 
higher-pressure region. The pressures in both the higher- 
and lower-pressure regions were unstable. This phenomenon 
is noticeable in a lower ethylene content. 

These characteristics may be caused by that the 
capacity of the refrigerator was small as in the case of 
Experiment (3). The basic characteristics of the 
r efrigerant mixture were the same as those of the butane- 
ethylene gas mixture. 



As shown in Figs. 17 to 19, the interior temperatures 
of the refrigerator were slightly higher than those in the 
butane-ethylene gas mixture and the pressures in both the 
higher- and lower-pressure regions were higher than those of 
the butane-ethylene gas mixture. Especially, the pressure 
in the lower-pressure region, which is highly correlated to 
the interior temperature of the refrigerator, was high. 
Since the capacity of the refrigerator was small, as in 
Experiment (3), the characteristics as a refrigerant gas are 
probably the same as those of the butane-ethylene 

refrigerant mixture. 

These data, like the butane-ethylene gas mixture, shows 
that the isobutane-ethylene refrigerant mixture for ultra- 
low temperature exhibits valuable characteristics at a 
mixing ratio of 90/10. The pressure conditions were 
unstable when the ethylene content was about 20%, which is 

i-im-it- for actual use, although the upper 
almost the upper limit tor actuax 

limit is also defined by a small capacity of the 
refrigerator . 

A small amount of addition of R-14 to the isobutane- 
ethylene gas mixture having the mixture range of 90/10 to 
80/20 is effective. The pressure in the higher-pressure 
region increased with the R-14 content, but the interior 
temperature of the refrigerator did not so significantly 
> decreased. The effects were saturated at about 10%. 

As clearly shown by the experiments above, a non- 
azeotropic refrigerant mixture can achieve ultra-low 
temperature such as -40o C , particularly -60*0, by a single 
stage refrigerating system at room- temperature atmosphere. 
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The non-aseotropic refrigerant mixture include, a gas which 
has a boiling point at approximately room temperature and a 
Xo. evaporating pressure and a low-boil ing-point gas which 
is necessary for achieving ultra-low temperature. 

I» order to achieve the target ultra-low temperature by 
this non-azeotropic refrigerant mixture, it is necessary to 
utilise the characteristic as the non-azeotropic refrigerant 
m i*ture in the refrigerating system. Namely, the heat in 
the system is dissipated to the outside of the system by 
condensing a gas component containing a large amount of 
h igh-boiling-point gas in the compressed refrigerant gas by 
a condenser. Then, heat is exchanged between the 
refrigerant gas after the dissipation o£ the heat by the 
condenser and a refrigerant gas from an evaporator. In such 
a manner , that is , the heat exchange in the system and the 
condensation of the low-boil ing-point gas are conducted by 
cooling the refrigerant gas in the higher-pressure region 
using the evaporating heat from the liguid-phase component 
containing a large amount of the high-boiling-point gas. 

The present invention provides a refrigerant system 
exhibiting a maximum ability of a non-azeotropic refrigerant 

, ■ n • x. a «-« ^Vin^T-^d bv a combination 
mixture. The maximum ability is achieved t>y 

of the above-mentioned heat exchanging system and 
characteristics of the non-azeotropic refrigerant mixture. 
5 The present invention further provides a non-azeotropic 
refrigerant mixture suitable for the system. As shown in 

• nf erases and observed in experiments 

the characteristics of gases anu 

regarding the behavior of the gases, it is clear that a 
combination of a high-boiling-point gas and at least two 



• aases has an optimum mixing ratio region, 

low-boilmg-pomt gases na& an ^ 

Refrigerants other than the examples shown in the 
experiments can achieve a low interior temperature of the 
refrigerator according to the present invention. Namely, a 
Lbutene-ethylene refrigerant mixture shown in Table 1 
achieved an interior temperature of the refrigerator of 
-74.5°C (pressure in the higher-pressure region: 1.2 MPa, 
pressure in the lower-pressure region: 0.1 MPa, gauge 
pressure each, and the same hereinafter) at a mixing ratio 
of 70/30. Furthermore, 1-butene- ethylene refrigerant 
mixtures containing 5% and 10% R-14 achieved interior 
temperatures of the refrigerator of -7 7 o C (pressure in the 

i a MPa oressure in the lower 
higher-pressure region: 1.4 MPa, pressu 

n 17 MPal and -88°C (pressure in the 
pressure region: 0.13 MPa) ana 

. 0 n MPa pressure in the lower- 
higher-pressure region: 2.0 MPa, pressu 

pressure region: 0.17 MPa), respectively. 

in the same way, butenes, ethylacetylene, and R-134a 
shown in Table 1 are applicable to the present invention due 
to their characteristics. A similar combination of a high- 
> boiling-point material having a low- evaporating pressure and 
a iow-boiling-point material can be applied to the present 
invention without limitation. 

industrial Applicability 
5 According to the present invention, a refrigerating 

■ n n fn,rhure can be stably operated over 
system having a simple structure can 

a long period of time. Since the refrigerating system has 
the simple structure and uses inexpensive materials, the 
maintenance works can be conducted at a low cost without a 
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t-v^ t-Pttmerature condition of the 
large change in the temper atuj. 

refrigerator. 

en , roDic refrigerant mixture for ultra-low 
A non-azeotropic xtii-j-j-y 

temperature according to the present invention is composed 
o£ inexpensive gases and can readily achieve a ultra-low 
temperature below -60o C . specifically can stably maintain a 
ultra -l=w temperature below -8CC. Therefore, the neu- 
rotropic refrigerant mixture not only can be used for 
storage of foods as usual but also can be broadly used for 
Xong-term storage of biological tissues, specifically, 
valuable biological tissues used in transplantation or 
tissue culture. The present invention contributes toward 

. , • i <«H«^tries by meeting the needs of 
developing the biological industries oy 

these industries . 

By using a fluorocarbon together with a hydrocarbon 
refrigerant in the refrigerant mixture, the freezing ability 
i. effectively improved. Since the fluorocarbon is used at 
a very low content, environmental disruption such as a 
greenhouse effect is very low. 

Brief Description of the Figures 

Fig . 1 conceptionally shows a refrigerating system 
according to the present invention. 

Fig . 2 shows a heat exchanger according to the present 

Tn these figures, 1: compressor, 2: condenser, 
5 invention. In these "a 1 "" 

6 . throttle valve (capillary), V: evaporator. 8: 
refrigerator. 10: forward piping for compressed gas, 12: 
backward piping. 50: heat exchanger, and 15: connection 



(soldered) 
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Fig. 3 is a graph showing characteristics of butane- 

thane gas mixture . 

Fig . 4 is a graph showing characteristics of butane- 

. ■ „ r ,Ho of 90/10 and containing 
ethane gas mixture at a mixing ratio ot 

R Fig . 5 is a graph showing characteristics of butane- 

• «fin of 80/20 and containing 

ethane gas mixture at a mixing ratio of 

R-14 - 

Fig. 6 is a graph showing characteristics of butane- 

■ «Hn of 70/30 and containing 
ethane gas mixture at a mixing ratio of 

R-14. 

Fig. 7 is a graph showing characteristics of butane- 

■ r^^n of 60/40 and containing 
ethane gas mixture at a mixing ratio of 

R-14 . 

Fig. 8 is a graph showing characteristics of butane- 

ethylene gas mixture. 

Fig 9 is a graph showing characteristics of butane- 

ethylene gas mixture at a mixing ratio of 90/10 and 

containing R-14. 

Flg . 10 i. a graph showing characteristics of butane- 

ethylene gas mixture at a mixing ratio o£ 85/15 and 

containing R-14 . 

Fig. 11 is a graph showing characteristics of butane- 

v-^+Ho of 80/20 and 
ethylene gas mixture at a mixing ratio of 

containing R-14. 

Fig. 12 is a graph showing characteristics of butane- 

• A^rr r^in of 70/30 and 
ethylene gas mixture at a mixing ratio of 

containing R-14. 

Fig. 13 is a graph showing characteristics of 
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isobutane- ethane gas mixture. 

Fig. 14 is a graph showing characteristics of 

■ v-^i-in of 90/10 and 
isobutane-ethane gas mixture at a mixrng ratio 

containing R-14. 

Fig 15 is a graph showing characteristics of 
isooutane-ethana gas fixture at , fixing ratio o £ 70/30 ano 

containing R-14. 

Fig. 16 is a graph showing characteristics of 

isobutane-ethylene gas mixture. 

Fig. 17 is a graph showing characteristics of 
isobutane-ethylene gas mixture at a mixing ratio of 90/10 

and containing R-14. 

Fig. 18 is a graph showing characteristics of 
isobutane-ethylene gas mixture at a mixing ratio of 80/20 

and containing R-14. 

Fig. 19 is a graph showing characteristics of 
isobutane-ethylene gas mixture at a mixing ratio of 70/30 

and containing R-14. 

Fig 20 schematically shows gas and liquid phases 
conditions of a non-azeotropic refrigerant mixture (butane 

ethylene) . 
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